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得益于 GaN 基 LED 的重大突破，可见光通信逐渐发展并拥有广阔的应用前
景，成为当下的研究热点。由于 GaN 是宽禁带的直接带隙半导体材料，GaN 基
LED 具有很高的发光效率，并且已经在照明和显示方面有着广泛的应用基础。
另一方面，作为可见光通信系统中的蓝绿光光源，GaN 基 LED 不仅可以极大地
降低系统成本，还可以大幅度提高可见光通信系统的实用价值。LED 的调制带
宽是影响可见光通信系统传输速率的关键因素之一，然而，对于 GaN 基 LED 的
调制带宽的研究仍然不够完善和深入。本论文旨在探究影响 LED 调制特性的因
素，特别是我们制作了不同尺寸的 LED 混合阵列，研究了不同尺寸对 LED 的调
制带宽、电学特性等的影响。主要研究工作与成果如下： 
1.设计了一套实验流程来制备不同尺寸的 LED 混合阵列。每个单元内包含
12 个尺寸的 LED 器件，包含直径分别为 30μm、40μm、50μm、60μm、70μm、
80μm、90μm、100μm 的微尺寸器件和直径分别为 150μm、200μm、250μm、300μm
的大尺寸器件，每个单元内所有器件共用 n 型电极且外置每个器件的 p 型电极。 
2.搭建了一套 LED 调制带宽测试系统，可快速测量系统的频率响应曲线，
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Abstract 
With the breakthrough in GaN-based light-emitting diodes (LEDs), visible light 
communication (VLC) develops rapidly and shows high potential for applications. In 
recent years, it has attracted much attention for further research. Because of large and 
direct band-gap of GaN materials, GaN-based LEDs with high efficiency have been 
widely used in illumination and display applications. On the other hand, GaN-based 
LEDs as blue or green sources in VLC system can not only lower the cost but also 
increase the practical value of VLC system. The modulation bandwidth of LED is a 
key factor that affects transmission of VLC system. However, the research on the 
modulation mechanism of GaN-based LED is still not detailed. To solve this issue, in 
this study we fabricated the hybrid array of LEDs with different sizes and investigated 
the influence of device size on the characteristics of LEDs, including the modulation 
bandwidth and electrical properties. Here are the main results listed as follows: 
1. We design the experimental details and fabricate the hybrid array of LEDs with 
different sizes. Each unit contains twelve different devices, including eight micro 
devices with the diameters from 30μm to 100μm increased by 10μm and four large 
devices with the diameters from 150μm to 300μm increased by 50μm. For each unit, 
p-pads are individual while n-pad is common to all pixels. 
2. We set up a system for LED modulation bandwidth measurement, which can 
measure frequency response curves of LED and obtain the -3dB bandwidth. 
Maximum bandwidth of the system is 1.2GHz, supporting light spectrum ranged from 
200nm to 1100nm.The frequency response is recorded by a network analyzer. 
3. We measure the characteristics of the devices with different sizes, including the 
current-voltage (I-V), output power-current (P-I) and electroluminescence (E-L) 
properties. With the device size increasing, series resistor and threshold voltage at 
20mA gradually decreases, while the maximum light output power increases. It 
indicates that device size has an impact on the performance of LED. The emission 
peak of the device exhibits blue shift with the current increasing. However, the 

















emission peak, which indicates that shielding effect of the built-in electric field in the 
light-emitting area depends on the injected carrier density. 
4. We investigate the influence of device size and inject current on the 
characteristics of modulation bandwidth, based on the measurements in different 
conditions. Among them, the device with the diameter of 30μm exhibits a large -3dB 
bandwidth of ~165MHz with the inject current of 110mA. Measurement results show 
that modulation bandwidth gradually improves along with the current increasing, due 
to the decrease of carrier recombination lifetime. On the other hand, for the 
micro-LEDs with different sizes but the same current density, the modulation 
bandwidths are similar. These results show that the current density (carrier 
recombination lifetime) plays a key role in the bandwidth modulation.  
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1.1 GaN基 LED的研究 
1.1.1 GaN 材料的基本结构及特性 
 元素周期表中，III 族铟(In)、镓(Ga)、铝(Al)与 V 族中氮(N)元素结合组成
的化合物(GaN、InN、AlN)和它们混合组成的多元合金化合物半导体(InxGa1-xN、
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 𝐸𝑔(𝑇) ≈ 𝐸𝑔(0) −
𝛼𝑇2
𝑇+𝛽
                                           (1.1) 









的禁带宽度可以通过组分的变化实现从 InN 的 0.7eV 连续变化到 GaN 的 3.4eV, 
再到 AlN 材料的 6.2eV[4, 5]，如图 1-2 所示，覆盖的波长范围包括紫外到可见光
到红外，是非常适合做发光器件的光电转换材料。 
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